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T HAS BEEN estimated that, by 2030, the proportion
individuals 65 years of age and older in technologic

eveloped nations will have increased by as much as 50%
he present. The medical, economic, and political implicat
f this demographic transformation are profoundly unsett
s Hamet and Tremblay state in thisMetabolism supplemen
n aging, “The quest continues to understand the mecha
f healthy aging, one of the most compelling areas of rese

n the 21st century.”
The articles published herein inform and illuminate

rgent quest. Although “healthy aging” is a goal we all see
an only be approached by obtaining an improved unders
ng of what goes wrong when we age. Why do so many eld
ersons prematurely lose strength, endurance, and resili
hy do their cognitive skills wane and their memory retrie

kills become disablingly impaired? Why do their multi
edications increasingly become a cause for concern?

hese deteriorations—and others that plague the elderly
ccepted as inevitable, or are there potentially effective
ures that can be taken to prevent or delay their occurren
The present supplement, entitledAging: Beneficial Effects on

atients From Recent Advances in Genetics, Neurobiology,
nd Physiology, is the outgrowth of a Colloquium of the sa
itle, held under the auspices of the Colle`ge International d
echerche Servier (CIRS) at the Chantecler Hotel in St. A`le,
uebec, October 2-6, 2002. One of the Colle`ge’s major goal

s to highlight for clinicians and public health worker’s vario
ealth problems of global importance. Of these, aging is s
ne of the most prominent. At the St. Ade`le meeting, a numbe
f important facets of aging were examined and discussed
roup of invited scientists from the United States, Canada
rance, with emphasis on recent advances in medical res
nd the resulting opportunities for improved diagnosis

reatment. Both the Colloquium and this supplement toMetab-
lism were generously sponsored and supported by C
nder the skillful leadership of its President, M. Deroˆme-
remblay, PhD. Articles in the supplement summarize im

ant aspects of the genetics, neurobiology, endocrinology
harmacology of growing old, as well as certain clinical eff
f unhealthy aging.
In his sage and eloquent Introduction, Lenfant refers to

0-year increase in longevity that has occurred in the Un
tates during the last century, concluding that this remark
rolongation of life has resulted from positive environme
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nd sociological influences and their impact on our biol
his improvement is not unique to the United States—ne
ll countries have witnessed such gains and some have
assed the US by a considerable margin. As Lenfant point

he science of aging is relatively new, but since the creatio
he National Institute of Aging in 1974, an enormous amou
nowledge about aging has been acquired. In his words,
ng is not a disease, it is a part of our normal life,
eveloping a scientific perspective on it can only make co
ith it easier.”
In their paper entitledGenes of Aging, Hamet and Trembla

ake note of evidence that aging is not only controlled by ge
ut also by environmental and epigenetic influences that
ominate in the second half of life. They call attention to
lose link between life span and resistance to stress, an
ypothesis that macromolecule oxidative damage accumu
ith age and may be an important determinant of life exp
ncy. They cite Medawar’s provocative insight that nat
election can only take place during the reproductive a
eaving the elderly evolutionarily neglected! Diet-genotype in
eractions may play an important role in healthy aging. L
ation of caloric intake prolongs life inDrosophilia; moreover
he drug 4-phenylbutyrate also lengthensDrosophilia life span.
he authors have observed reduced DNA half-life in the h
idney, and aorta of the spontaneously hypertensive rat (S
nd propose that this accelerated turnover rate of cardiov

ar cells may give rise to more rapid organ damage. Altho
ne might think that “genes are destiny,” the observation
amet and Tremblay (and others) give grounds for hope
enetic determinants are, to some extent, subject to env
ental modulation. In the future, appropriate environme
anipulations (including suitable changes in diet) may not
rolong life, but help make the aging process healthier.
In his discussion of resilience in aging, McEwen sugg

hat variations in rate of aging may be partly attributabl
ifferences in the severity of wear-and-tear effects impose

he body by daily experiences and major life stressors. T
nvironmental factors interact with the genetic constitution
ith the formative influences on development of early
xperiences. His focus is on the disposition of the bod
aintain physiological stability in the face of a variety
nvironmental challenges. This adaptive process is referr
s allostasis, which means “maintaining stability throu
hange.” He points out that physiological mediators suc
drenalin, glucocorticoids, and cytokines act on recepto

issues and organs in ways that help the organism ada
tress in the short term. However, if the release of mediato
ot ended after an appropriate period of time, their effects
ecome damaging to the organism. McEwen uses the
allostatic load” to describe the price a tissue or organ pay
n overactive or unduly prolonged allostatic response.
Miller and O’Callaghan describe how the hippocampus—a

rain structure for cognition and the feedback control of the s
esponse—changes with age. Although shrinkage of the
Theodore
 anItallie
ippocampus may occur to some extent in humans, it does not
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appear to undergo a generalized loss of cells or synapses. There-
fore, age-related cognitive impairments may be related to changes
in the functional (rather than the anatomic) capacity of this struc-
ture, including changes in signaling and information encoding
properties. The authors point out that, while excessive glucocor-
ticoids can adversely affect cognition as well as hippocampal
integrity, these changes are not inevitable concomitants of aging.
In the authors’ words, “The general preservation of cells and the
plastic potential of the hippocampus provide a focus for the
development of pharmacological, nutritional, or life style strate-
gies to combat age-related declines.”

In his analysis of the effect of aging on the body’s vascular
system, Plante calls attention to the importance of segments of the
vascular system that contain the largest fraction of the blood
volume; namely, the microcirculation networks—capillaries and
postcapillary venules—in which more than 50% of the entire
vascular volume is contained. He points out that the heterogeneous
characteristics of these networks with respect to volume and
composition may explain the variations in target organ damage
associated with a diverse array of vascular diseases such as arterial
hypertension, chronic uremia, and congestive heart failure. The
primary abnormality common to these diverse disorders seem to
be the endothelial dysfunction found in capillary and postcapillary
networks. Enhanced endothelial permeability to albumin—leading
to extravasation of plasma into the adjacent interstitial compart-
ments—exists in conditions as different as diabetes mellitus, heart
failure and vascular aging. The result is an interstitium modified in
size and composition and associated with disturbances in the
traffic of fluid and vital substrates to organs and interference with
removal of waste products in the opposite direction. Based on this
model of endothelial damage related to aging and illness, Plante
believes that a high research priority for the future should be the
creation of novel pharmacologic interventions designed to prevent
or ameliorate vascular endothelial damage, especially in microcir-
culation networks. He also recommends development of noninva-
sive methods to enhance evaluation of the structure and function
of large arterial conduits—particularly in the elderly—and thereby
facilitate early detection of vascular rigidity.

In his review of drug therapy for the elderly, Noble describes
the effects of aging on drug absorption, distribution, metabo-
lism and elimination in the body. Because of the age-related
reductions that occur in saliva, gastric, and small-intestinal
fluids, drugs tend to be absorbed at a slower rate in the elderly.
This decrease in absorption is augmented by age-associated
decreases in jejunal surface area and reductions in splanchnic
blood flow. With aging, total systemic perfusion of organs such
as the liver and kidneys diminishes. This reduction in organ
perfusion decreases the body’s ability to metabolize and ex-
crete drugs. As people get older they gain fat and lose fat-free
mass, principally muscle. For fat-soluble drugs such as diaze-
pam and thiopental the distribution space increases with aging,
leading to their accumulation in adipose tissue, and an unduly
prolonged duration of action. For water-soluble drugs like
digoxin, with its narrow therapeutic range, there is a decrease in
the volume of distribution associated with an increased risk of
toxicity resulting from too high blood concentrations. Most
drugs are metabolized or detoxified in the liver. In the elderly,
hepatic blood flow may decrease by as much as 40%; more-
over, some of the liver mechanisms involved in detoxificaton

become less efficient with age. Older people use more drugs,
increasing the chances of drug reactions and interactions. Be-
cause of cognitive decline, elderly persons may become con-
fused and forgetful about their prescribed medications.

As the proportion of the elderly individuals in the population
rises, the syndrome of frailty becomes ever more common. In
his discussion of the contributions of sarcopenia and visceral
protein depletion to frailty, VanItallie enumerates the signs,
symptoms, and biological correlates that characterize this dis-
order. Patients afflicted with frailty look fragile, diminished,
and vulnerable. They exhibit muscular weakness, a slow, un-
steady gait, fatigue easily, and are extremely sedentary. They
are more likely than the nonfrail to fall and, if they fall, to have
a fracture. They frequently experience unintentional weight
loss, and have a higher risk than the nonfrail of being de-
pressed, having impaired cognition and developing a coexistent
illness. They die sooner. They suffer from muscle atrophy
(probably caused in large part by disuse), osteopenia, a rise in
inflammatory cytokines, and a reduction in the secretion of
such anabolic hormones as growth hormone and insulin-like
growth factor-1. Because of diminished appetite and dysphoria,
elderly people often eat poorly and may develop a degree of
protein-calorie malnutrition (PCM), which can be evaluated by
means of serial measurements of the “visceral proteins” such as
transthyretin, retinol-binding protein, and albumin. Frailty is
distinguishable from the effects of aging per se by the potential
reversibility of many of its features. Thus, progressive resis-
tance training can increase muscle mass and strength—even in
nonagenarians—and thereby reverse important aspects of phys-
ical frailty. For individuals who exhibit visceral protein defi-
ciency consumption of a more nutritious diet may engender
significant clinical improvement.

In 1999, Alzheimer’ s disease (AD) was the 8th leading cause
of death in the United States among men and women of all
ages. Among women aged 85 years and over, it ranked 5th;
among men aged 85 years and over, it ranked 6th. In Kalia’ s
discussion of dysphagia and aspiration pneumonia in patients
with AD, she reminds us of the growing menace of this dev-
astating illness, pointing out that, unless some way can be
found to prevent or effectively treat AD, it will become Amer-
ica’ s principal public health problem by the middle of the 21st
century, with as many as 14 million victims requiring varying
degrees of care and supervision. As the dementia of AD
progresses, the patients begin to have difficulty in swallowing
and may become anorexic. Such oropharyngeal swallowing
abnormalities are more prevalent in AD patients than in normal
elderly individuals. As Kalia puts it, “The consequences of
dysphagia are generally underrated and range from an alter-
ation in the quality of life, dehydration, undernutrition, as-
phyxia, congestion, and recurrent respiratory tract infections to
aspiration pneumonia and death.” Because pneumonia is a
major cause of death in AD patients and can give rise to
obvious and severe suffering—even in severely demented pa-
tients—the physician is faced with the dilemma of relieving
suffering while, at the same time, attempting to avoid its
prolongation. It is therefore important to be able to reliably
identify patients at high risk of discomfort and to treat it
effectively and appropriately, keeping in mind the special cir-
cumstances that surround advanced dementia.
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